The article presents a brief overview of renewable energy sources, microgrids and energy storage problems. The construction and utilisation of university research station to study the operation of a hybrid power plant with an energy storage unit has been described.
Introduction
Photovoltaic (PV) installations and wind installations are renewable energy resources (RES), which can be divided into two basic groups [1] :
• grid-connected, • off-grid Grid-connected systems (Fig. 1) are the most common types of RES systems and, according to [2] , constitute about 99 % of assembled systems in Poland. In this installation, part of the energy produced is exported to the grid, the meter at the input of the system measures the power consumed from the public grid, and the meter at the output of the system indicates the power that the installation produced. One bidirectional meter can also be used. Appropriate agreements between the owner of the installation and the operator regulate the cooperation between the two entities. In case of cooperation with the network, it is necessary to protect against island system operation. In the event of a failure in the transmission network or inadequate parameters of generated energy, the power plant is disconnected from the system. Off-grid systems ( Fig. 2) , not connected to the power system, are usually used in places difficult to access, where the construction of the transmission network would be very expensive, or to power devices such as parking meters, traffic lights and signs, meteorological stations and power supply for water pumps [3] . In these types of installations, battery packs are additionally used, which store the generated energy and allow it to be used, for example at night, when energy from photovoltaic panels is not produced. Such systems On a sunny windless day, energy is produced by means of a solar system, and at night in the absence of solar radiation and favorable wind, energy is supplied via a wind farm. In addition, the installation is equipped with a storage system that allows to use the stored energy even when it is not produced by any RES. According to [4] and [5] a small hybrid installation, with an installed capacity of 3-5 kW, is able to meet the needs of an average polish household.
Electrical energy storage provides a way to store energy in various forms and then it is converted to electricity. Due to the way energy is stored, energy storage can be divided into: mechanical, electrochemical and electrical.
Due to the relatively low prices in relation to capacity, short-term possibility of loading with large currents, simple charging system, high energy density, high power density and long lifetime, the most popular energy storage for cooperation with hybrid power plants are battery storage systems [6] .
Important parameters of energy storage devices are their charging and discharging characteristics.
According to [7] most popular hybrid power plants are:
In [8] Wind -Diesel System is discussed. It is shown that the selected hybrid system is only profitable if the wind speed is greater than 11 m/s and the fuel price does not exceed 0.9 $/L. The paper [9] describes Wind -Photovoltaic -Diesel System with backup energy storage located in Turkey's Sakarya province. It is noted that if the wind speed is low, the optimal hybrid system is a Photovoltaic (PV) -Diesel -Battery System. In the case of high wind speed, there are two optimal configurations: Wind -Photovoltaic (PV) -Battery System, if diesel fuel prices are high. Otherwise the Wind -Diesel -Battery System is more favorable.
Presented university research station shows Wind -Photovoltaic System.
Combination of hybrid power plant, storage system, energy demand connected or not to the local power system is called microgrid (Fig. 3 ) [10, 11] .
While there are numerous publications, where sun tracking PV power plants are discussed, i.e. [8] , where solar tracker system is designed and executed or [12] , where MATLAB simulation is applied to calculate solar angles and location at any time, it is hard to find a real model on which students can see, what actually is happening and how it affects generation. In [13] the real model simulating the Sun's tracks across the sky, as a part of Stanford Solar Center, is presented, but without solar panel or wind turbine. In [14] , as a part of a master thesis, a model to determine the best orientation of PV panels according to sun position is discussed, but model is programmed in GIS environment. The lack of a physical model reflecting both the wandering of the sun over the horizon and solar generation caused the need to create a laboratory model at Wroclaw University of Science and Technology.
Research station description
The research station is a part of the Laboratory located at Wroclaw University of Science and Technology, Faculty of Electrical Engineering, Department of Electrical Engineering Fundamentals. The station is an extension of the laboratory of PV system analysis. The description of on-grid PV research system of the University is described in [15] . In addition PV laboratory consists of: There was a need to analyze the cooperation between wind turbine and solar panels, thus a power plant model was created. The research station was built in fiberboard 60 cm x 100 cm x 2 cm (width x length x thickness). The view of the station is presented in Fig. 4 and block diagram in Fig. 5 .
The research station consist of:
• 500 W halogen and luminous flux 9500 lm, • amorphous module with a maximum power of 2 W, • a single-crystalline silicon cell with a maximum power of about 0.5 W, • mini wind turbine generating DC voltage in the range of 0-15 V at rotation 200-6000 rpm with a blower motor from the combustion boiler ( Fig. 6 ), • 12V gel battery with a capacity of 7 Ah;
• measuring system with a charge regulator, and a regulated load in the form of an adjustable resistor (Fig. 7) .
The station was equipped with two pathways, reflecting the apparent movement of the sun during the summer and winter solstice through the sky. The pathways were designed for the latitude of Wrocław, Poland (51° 06'00 "N).
The pathways corresponding to the summer solstice, at the point of sun-setting, is inclined to the ground plane at an angle of 62°, the pathway reflecting the winter solstice is at an angle of 16°. The sun is represented by a 500 Watt halogen which, with the help of a handle, can be attached to the "summer" as well as "winter" pathways. The station enables to assemble and examine small cells and photovoltaic modules. The holder of PV modules has the possibility to adjusting the angle β in the range of 0 to 90 degrees, and the receiver's azimuth +/-45° relative to the meridian. The source of wind for a mini wind turbine is a blower motor from a combustion boiler, which ensures smooth regulation of wind speed in the range from 0 to 10 m/s. The function of the energy storage system is fulfilled by a 12 V gel battery. The capacity of the battery is 7 Ah.
Case study 3.1 PV research
The main aim of the PV analysis was to determine the current-voltage characteristics and investigation of solar azimuth angle influence on cell power. The source of light intensity was a 500 W halogen and a luminous flux of 9500 lm. The investigated objects were monocrystalline silicon cells and an amorphic silicon module. The current-voltage characteristics determination for both cells were conducted in the same conditions. The angle of inclination of solar energy receivers β relative to the horizon was 30°. The angle of the sun's falling αs was 62° -like for Wrocław in summer solstice. The achieved characteristic for amorphic (size: 105 mm x 55 mm x 10 mm) is presented in Fig. 8 and for monocrystalline (size 120 mm x 300 mm x 22 mm) in Fig. 9 The analysis of the PV cell parameters are presented in Table 1 .
The next research element was to measure the influence of azimuth of the solar angle on the power of cells. Two tests were conducted for each solar battery for the latitude of Wrocław (51° 06'00 "N). based on:
• summer solstice, • winter solstice.
The horizons used were divided in such a way so as to simulate subsequent hours during the day (from sunrise to sunset).
The analysis was conducted for optimal value of resistance of PV cells. The angle of inclination of the tested solar batteries β was 45° in all cases. The azimuth angle of the γs receivers was 0°.
The results of the analysis presented for amorphic cells are shown in Fig. 10 and for monocrystalline cells (size 120 mm x 300 mm x 22 mm) in Fig. 11 
Wind turbine research
Wind source was represented as the blowing-in-force from the combustion boiler. The controller is enabled to change the value of the wind speed from 0 to 10 m/s. The role of the generator was played by a small DC motor. The motor generates a voltage in the range from 0 to 15 V at a speed of 200-6000 rpm. The voltage and current characteristic of wind turbine is presented in Table 2 . The maximal active power (equal to 320 mW) was conducted for 9.4 V which represents the 34 mA current.
Additionally, the wind turbine curve was determined. The load for the generator was constant, namely equal to the optimal resistance determined in the previous test (0.27 kΩ). The wind speed was variable in this case. A voltage regulator connected to the blow motor circuit was used to regulate it. The wind measurement was carried out using a UNI-T UT363 anemometer. The archived characteristic is presented in Fig. 12 . Analysis of archived result indicated that start wind speed for the generator is 4.6 m/s. The maximum power that the turbine obtained at the speed of 10 m/s (equal to 320 mW). The achieved result is similar to output obtained at determining the currentvoltage characteristics.
Storage system and islanding working of microgrid
Both the wind turbine and the solar module are designed to cover the demand (load) and charge the battery that is on the power plant equipment. It is carried out using a charging regulator that controls the current and voltage in such a way as to ensure adequate parameters when charging the battery. Simulation of the operation of the hybrid power plant took place for the conditions presented in Table 3 .
If the voltage is 12.92 V, the current flowing when charging the battery is 28 mA. Thus, the power that was supplied to the battery is approximately 0.36 W. Assuming that the state of charge of 7 Ah battery would be 50 %, it would take 125 hours to recharge it under the above-mentioned conditions using the designed mini power plant.
Conclusions
Energy obtained from PV -Wind System is unstable, it depends on weather conditions and the season. During sudden weather changes related to the occurrence of atmospheric phenomena, there are changes in the generated power, not allowing to accurately predict the energy that we are able to produce.
The investigations performed using presented example of laboratory of hybrid power plant with storage system allow to determine characteristics of particular component of the installation including load characteristics, power curves. It has a meaning to define limits and ability of power production of different PV cell technologies and wind turbines.
In addition, the efficiency of PV -Wind System is influenced by the appropriate selection of cells as well as the generator, in terms of power and the type of device used.
